Abstract -By using a statistical approach within noncovariant perturbation theory, the distributions of light and charmed quarks in hadrons are derived with allowance for the charmed-quark mass. The parameters of the model are extracted from a comparison with NA3 data on the hadroproduction of J / ψ particles. A reanalysis of EMC data on charm production in muon-nucleon scattering is performed. In relation to the conventional source of charmed quarks from photon-gluon fusion, the EMC data are found to suggest the presence of an additional contribution from deep-inelastic scattering on charmed quarks at large x. The resulting admixture of Fock states that contain charmed quarks in the decomposition of the proton wave function is about 1%. The approach presented for the excitation of Fock states involving charmed quarks can also be applied to states featuring beauty quarks, as well as to the hadronic component of the virtual photon (resolved photon component).
INTRODUCTION
The production of heavy flavors in lepton-hadron and hadron-hadron collisions is a very important tool for a quantitative test of QCD and for searches for new physics. Due to the presence of a pointlike probe particle (lepton) and the possibility of controlling the QCD scale of hard subprocess, deep-inelastic scattering (DIS) has a number of advantages in relation to hadronic reactions in the analysis of charm production. The QCD-based parton model has been remarkably successful in describing a wide variety of high-energy processes involving energy scales much greater than the masses of known particles and of the partons themselves. Many analyses of charm production that were performed within the parton model assume that hadrons consist only of massless or approximately massless partons (gluons and u , d , and s quarks). The heavy quarks (charm and bottom ones) are treated as massive objects external to hadrons. In DIS neutral-current reactions, this kind of consideration leads naturally to the O ( ) "photon-gluon fusion" (PGF) mechanism γ g as a dominant mechanism of heavy-quark production. In hadronic collisions, analogous "partonparton fusion" processes, gg and , are expected to contribute. These parton-fusion processes are flavor-creating (FC) since heavy flavor is created by the interaction with a light constituent of a hadron.
Existing experimental data on µ p collisions [1] show some irregularities that are inconsistent with PGF predictions. The experimental observation of a deviation of the charm distribution at large pseudorapidities (that is, charm production close to the direction of the
qq cc proton beam) from conventional predictions in ep scattering were also reported by the ZEUS experiment at the HERA collider [2] . In hadronic collisions, the interpretation of data on open-charm production within the standard parton-parton fusion scheme followed by the hadronization of charmed quarks runs into problems for charmed particles at large x F . In this region, the charm distributions are harder than the predictions of the factorization approach. Furthermore, the yield of charmed particles containing the valence quarks of the projectile significantly exceeds the yield of their antiparticles. Models considering the recombination of the newly created charmed quark with one of the valence quarks of the projectile [3, 4] or string fragmentation [5] can improve the situation with open-charm production. In both approaches, a part of the proton-remnant momentum is imparted to the final-state charmed particle, increasing its momentum and improving the agreement with experimental observations. However, these models have problems with describing J / ψ and double-J / ψ production, as well as with the A dependence of the charm-production cross section in hadron-nucleus collisions at large x F [6-8].
A part of the discrepancies between data and models can be resolved by introducing the flavor-excitation (FE) scheme, which assumes that heavy quarks can also be constituents of hadrons. We note that a consideration of heavy quarks as those that are external to hadrons is appropriate when the characteristic scale of the process ( µ ) is less than or on the order of the heavyquark mass-that is, µ Շ m Q . This condition holds for c and b quarks for the majority of fixed-target experiments. The HERA ep collider provides an opportunity to investigate heavy-quark production at Q 2 scales much greater than 4 . At such scales, it seems justified to consider charm (and bottom) quarks as light objects. The so-called variable-flavor-number scheme proposed in [9] [10] [11] combines the FC and FE schemes and ensures a "soft" transition between the two production mechanisms. A more sophisticated approach for the FC mechanism performs an effective resummation of large logarithms of the type [ α s ( µ )ln( µ 2 / )] n , which limit the validity of the conventional FC mechanism to the region µ ~ O ( m Q ). It was shown in those studies that the contribution from scattering on a charmed constituent quark of the proton [process of order O ( )] becomes more important than PGF for x տ 0.1 at surprisingly low Q 2 տ 20-30 GeV 2 . The authors used splitting functions and standard distributions for massless partons, including heavy flavors, and introduced the "slow-rescaling" variable x x [1 + ( m Q / Q ) 2 ] to take into account the charmed-quark mass. However, perturbative QCD requires the scale µ to be large and needs, as inputs, the initial parton distributions for their evolution. The initial distributions of heavy quarks are not necessarily similar to the distributions of light partons because of the nonzero quark mass, which is commensurate with the QCD scale. This kind of consideration is closely related to the old question of which type of high-order QCD corrections must be assigned to the matrix element and which is due to QCD evolution of the parton distributions. So far, we have no clear answer to this question.
The authors of [12] proposed a procedure for obtaining the distribution of massive charmed quarks in hadrons. They considered the proton-wave-function decomposition that may contain the Fock state component | 〉 called "intrinsic charm" (IC). Such a state may appear as a quantum fluctuation of the hadron wave function and may become free in interactions featuring substantial momentum transfers. In this case, the proton is described as a decomposition in terms of color-singlet eigenstates of the free Hamiltonian: | uud 〉 , | uudg 〉 , | 〉 , …. Over a sufficiently short time, the proton can contain Fock states of arbitrary complexity, including pairs of charmed quarks. In the proton rest frame, the lifetime τ of such fluctuations is on the order of the nuclear time about R h , where R h is the hadronic size. On average, there are extra partons (gluons and pairs) in addition to valence quarks. In the infinitemomentum frame, a partonic fluctuation will be "frozen" and can be observed, for example, in lepton-hadron scattering. Charmed quarks are heavy objects, and their lifetime is much smaller than those of light partons. On average, the admixture of heavy-quark pairs is expected to be small, about ( m q / m Q ) 2 . Because quantum fluctuations in the initial proton are determined by the self-interaction of the color field, the structure of the Fock states of the proton can be considered independently of hard interaction, providing the initial nonperturbative parton distributions. These distributions will In the present paper, we modify and generalize the statistical approach to the Fock state hadron structure with heavy quarks, suggested in [12] [13] [14] , within noncovariant perturbation theory. We obtain scaling expressions for the heavy-and light-parton distributions in the infinite-momentum frame. We calculate the charmed structure function of the proton, ( x , Q 2 ), taking into account QCD radiative corrections of order , as well as mass corrections caused by the nonzero values of the c -quark and the proton mass. We use the experimental data for π A J / ψ X [7] and µ p µ X [1] to evaluate the parameters of the model and present the relative contributions of the PGF and the IC mechanism to the charm structure function of the proton. Note that we use the terms FE and IC for the charm-production mechanisms involving the charmed constituent quarks of the proton.
DESCRIPTION OF THE MODEL
2.1. General Features In QCD, high-energy hadrons are coherent superpositions (Fock state vectors) of quarks and gluons. Note that the lifetime of a fluctuation,
) ( P h is the hadron momentum, m is the hadron mass, and M is the mass of the fluctuation), can be sufficiently large at high energies even for large mass values of the fluctuation.
Based on the above picture of the proton, Kuti and Weisskopf [13] , who used the statistical approach, achieved a good description of the proton structure function. In [14] , I presented a statistical consideration of the hadron structure and obtained noninvariant (that is, frame-dependent) expressions for parton distributions. In principle, the frame dependence can take place at sufficiently low energies, while, in the infinitemomentum frame, one expects invariant expressions.
We take all partons on the mass shell and use noncovariant perturbation theory. Thus, we consider a hadron as a statistical system that consists of N quarks carrying quantum numbers of the hadron, two charmed quarks c and , and a system of n light partons (gluons and quarks) carrying, in total, the quantum numbers of the vacuum.
In noncovariant perturbation theory, the probability of producing an m -particle final state in the case of an instantaneous interaction has the form [15] (1)
where d is an element of the m-particle phase space; m = N + 2 + n; P h and E h are, respectively, the 
